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ADstract

RellaDle lnJectlon Iocklng of nlgn-Do_er unstaDle resGnFtOr Excimer lasers can De
acnleved wlcn extremely low reference oscillator Dower. Tne crlterla for injection locklng

arp alscussetr ano extrerlmental results arc given.

Intrijtjuctlon

Tne cnannellng of tne energy of .,lgn-Dcuer exclmer lasers Inta very narrow spectral
Ddnciildchs in low divergence Deams 1S a prerecfulslte for many potential appllcat16ns Gf
these lasers. rilgn sDectrdl Drlghtness 1S rtaulrea for sDectroscoDlc aDDllcatlons ana

oDtlcal narmonlc yeneratlon 1,2 and the long c~nerence length 3SSOClatEd -lth a ‘arro-

bana=latn 1s real! reo for nonllnear Dnase conJugatlonm
J

back=aro stlmulatEci Brlllouln afio
Raman scattering among o[ner acinllcatlons.

It 1s OY no= =ell recognlzea tnat the simplest way tc contr61 cne spectral banti-latn
ana Deam alvfl gence of nlgn-gain exclmer lasers 1S by the combines lmDlementatlon of an

unstable rescnator ana lnjeCtlbn 10Ck~ng. Tnls <oncluslGn IS nij[ new nor Is lt wl[nGut

Drecedpn[. Injection Iocklng nas lGng Been reccgnlzco aS 3 =aj [G lock tne freauenc~ of a
rrlgn-gain DroaaDano oscillator to cne frequen.y of a loF-Dc_er narro=-:ani1910tn reference

oscillator 4
4

‘his technla”e has Ee~n *D~ll?d sUccI?<%f.lllJ t~ Uns:iiole res~nardrs f6r
(-UZ lasers ds -en as for cry- laser-.’” It has also Deen uses crre,lousl~ to ,Iarrom
the Dano=ldtn ana reduce cne dlb-ergence of nlgn-qaln .,nstaDle-rcsona [Gr exc~mer la5ers.7.8

Tne Lacnnlaup 1S ~ttactl.e Dpca.qse Ircar-a !ffractlfin-l IMlterl .2,#tD.Jt ana ulcranarrb=
llnewlath cdn be acnlewed with no 10SS ijf 13SEP i2fflC~ifiCJ. HrjrE.j.#r Lnm a~tractlwehess t-jf

Lnr [Ccnnla”e is ●nnance~ OY tne fact chat try lICCla rafcrpfice ijsclllator ~~=er 15

requlrea to acrl~we tnose pardmet~l s. Tnc con[rlbu[ldn tif cur .c.rk nas been to ae ●rmine
(~na ul)ta~nl Cne Lhebrct~cal mtn!m”m rra,,~~c,l Injectcti D@-~r for rellabl~ 10 king,

\-
& finij

to acnlewe Transform- 11.nlteil Dana_ldtn In dn lnj~cL1.,Ii-lGCked e.timer sjstem U (also Wltn

ultra low reference asclllatm]r po.:rl.

M: re.le. In [nis p~Dpr tne Crf[prta -nlcn cfetermlrre rellatrlm lnjrctl~n IrCklng Of

unstaDle resonator exclmer laS~rS [.,F othrr high-~~ln 13SPrSl with mlr,l.fial

Ext)rsrlmental COIIf
lnJpcLea pcwer,

matlons arc al:o rewlem-~tl.

Tre Parameters of Lantern——. ———
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shown that the cavity losses for the firs.~ few modes, of an urstable resrsnator,Oscillate
,as a function of the equivalent Fresnal number, Neq, wh~ch is defined as follows
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wncre a 1> LIIC Iaaer LUUC raUIU>, L IS Lrlc Lavl Ly Ielly Lll arlu yl = 1 - ,.,11 ,> b,,=

usual stability parametEr. Therefore, it IS important to select the Neq if the cavity

(by adjusting L or h) such that the LOM Is the mode which will experience the lowest
cavity losses and thus be the mode most likely to oscillate.

Figure 2 shows a plot of the minimum required RCl injected power for locking as a
functlo,l of unstable resonayor cavity length, L. Two cycles of Neq are seen to have the
expected frequency.

The attainment of transform-limited bandwidth is accompllsted by injecting an RO beam
of sufficiently narrow bandwidth. rhis is greatly simplified by the fact that, under the
above specified conditions, less than 1 U of RO power Is sufficient for loc4ing. Thus, it
Is possible to Injection lock a high power flashlamp-pumped dye laser with r ltra-ndrrow
bandwidth cw dye laser.6 In the case of an XeF laser, we have demonstrated ~~ ~ransform-
limlted bandwidth injection locking with an Ar-lon laser as the RLI. By uslnq selectively
reflecting optics, the Ar-lon laser was made to lase on th: 3511 A transition of the
doubly fonlzed species. A Fabry-Perot etalon was used to select a sing-le longitudinal mode
from the Ar-ion laser. The result after injection locking was a 50-14Hz bandwidth for the
20-ns pulse duration of the XeF laser.

It is interesting to note that the unstable resonator itself can be made to have
relatively low sensitivity to its own longitudinal modes, This is due to the fact thdt the
longitudinal-mode Interference effects in an unstable resonator occur predominantly in the
paraxial region. Thus the small hole in the rear optic causes a large reduction in the
il,!ensity of those effects.

Another advantage of Injection locking for excimer lasers is d significant lncreasc in
laser output. This IS attributcrl to the earlier buildup of ldser oscillation (to a
saturating intensity) since the oscillation can start from a level well dhove the noise,
consequently less energy is lost to fluorescence In the e.rly buildin
compares the timP histories of locked and unlocked pu~ses frc.m a KrF

~~~~iod. Figure 3

Finally It should be pointed out th~t it is only possible to loch dll of the PO output
to tile RO linewidth If the PO transition is homnqpneously broarlcn@d and all thr rmfsslon
eman~tes from a common upp~r state, This is the c s: for most of the excimers
discharge-pumped XeF, however, it is only pos’.ibl~ to lock ~ 6GA of the output lo [:rthc
170 line since the XeF laser emission originates at several dift’cront, slowly coupled
states. if the communication rate drnonq those upprr stdtcs werr to be incrrasl!d (say. by
raising the tcmperaturo) a greater locking percentage could bc dcnlcvrri.

In conclusion, the implementation o? rFlat

experimenter with d Mol;ost budget and level of
Source of very high qudlity. This should en.sb
fields of interest in the ultraviolet.

Reforencns.————

vely simple trchnlqucs can allow the
cfforL, to obt:in a ultrav O1O! excim~r
r many mor~ resc~rchrrs LI.S aridrrss thrir

1. R. T. Ilawkins ct al., Appl. Phys. Lt?tti :6, 3ql (19!I()).
I{. Faqer et, al., Ovt. Lctt. 5, 7FI? (19110~

7. J. R~~nt.jcs, Appl.”(7pt, 19, 70P9 (l~Fl(7). ”
3. [, J. Digio ct all., CL~fl=Ol postdca{illnv pfiprr T11S3, IIEr 1. i)uant. [Icctron. qF-17,

No. 1?-11, 270 (I!ltll)m
4. R. Adl~r,-Pruc. ” [R[ 34, 351 (1946),
5. C. J. Lluczck. R. J. fiiphrr!~, anti M l., Sko.nlk, Proc, lrFr Q, 14)] (IY/3).

C. Casun et al., J. Appl. Phys. 411, 7531 (197;).
6, Irving J. fligio In Ili II Pow~r l.d%@rs nnd Appllrations K. L, Krrnph arid 11, Ualt,hrr, a!d;.

(Sprinqor-JerlnsJ, fl*lW7pVllK_-
——- ..— ,

7. J. Golfihar and J. R. Murray, opt. [rttm ~, 190 (19//).

J. Gnldhar rt al., 11.tl: J. quantum Flrctron. [~-!t, ?3!, (19[10).
a. 1. J. Pacala and C.. P. Chrlstrnsrnm AIJpl, Phys. ~Ftt. 16, 620 (19/l!;).
9. Irvinq J. Iiigln find M, Sltstkin~, opt. Ictt. ~, 3Jti (19~),
IO, Irvlnq J. Iliyln nnd Mlchavl Sl~tklnr, opt. LOLI. ~ (19tt2),

,



.. .. . .
K.L

u

-–:4—o
. .

.
+
–10 ..

APERTURE

/

-! //

/ ET:~:S

:

REFERENCE OSCILLATOR

POWER OSCILLATOR

Figure 1

,,. --

ii

( UHSTA8LE RESOBATOR)
INJECTION LOCKING OF XQF OSCILLATOR I

Fillllrc 2

10 20

I


